Abstract In order to investigate the influence of genetic background on salt tolerance in soybean (Glycine max), ten soybean genotypes (Pusa-20, Pusa-40, Pusa-37, Pusa-16, Pusa-24, Pusa-22, BRAGG, PK-416, PK-1042, and DS-9712) released in India, were selected and grown hydroponically. The 10-day-old seedlings were subjected to 0, 25, 50, 75, 100, 125, and 150 mM NaCl for 15 days. Plant growth, leaf osmotic adjustment, and random amplified polymorphic DNA (RAPD) analysis were studied. In comparison to control plants, the plant growth in all genotypes was decreased by salt stress, respectively. Salt stress decreased leaf osmotic potential in all genotypes; however, the maximum reduction was observed in genotype Pusa-24 followed by PK-416 and Pusa-20, while minimum reduction was shown by genotype Pusa-37, followed by BRAGG and PK-1042. Pusa-16, Pusa-22, Pusa-40, and DS-9712 were able to tolerate NaCl treatment up to the level of 75 Mm. The difference in osmotic adjustment between all the genotypes was correlated with the concentrations of ion examined such as Na + and the leaf proline concentration. These results suggest that the genotypic variation for salt tolerance can be partially accounted by plant physiological measures. Twenty RAPD primers revealed high polymorphism and genetic variation among ten soybean genotypes studied. The closer varieties in the cluster behaved similarly in their response to salinity tolerance. Intra-clustering within the two clusters precisely grouped the ten genotypes in sub-cluster as expected from their physiological findings. Our study shows Appl Biochem Biotechnol (2013) 170:257-272 DOI 10.1007 Faheema Khan and Khalid Rehman Hakeem contributed equally to this work. that RAPD technique is a sensitive, precise, and efficient tool for genomic analysis in soybean genotypes.
Introduction
High salinity is the most widespread abiotic stress and constitutes the most stringent factor in limiting plant distribution and productivity [16, 33, 51] . Salt stress has various effects on plant ecophysiological processes, such as changes in plant growth [28] , protective enzyme activities [48] , mineral distribution [49] , and membrane permeability [9] . The primary effect of high salt concentration in plants is stomatal closure. This causes a low transpiration rate and reduces the CO 2 availability for photosynthesis [11] . Salinity leads to ionic and osmotic stress and secondary stresses, such as oxidative stress [17, 43] . Na + stress disturbs osmotic balance and ion homeostasis in plants [29] . Na + ions are reported to affect phytohormone levels, transpiration, photosynthesis, and biomass production [15] .
As agricultural land is increasingly salinized through inefficient fertilizer practices, saltwater intrusion, and use of poor quality irrigation water, development of salt-tolerant cultivars becomes increasingly important as a means of combating salt-related yield losses [20] . Genetic variability within a species offers a valuable tool for studying mechanisms of salt tolerance. One of these mechanisms depends on the capacity for osmotic adjustment. A general feature of many plants growing in a saline environment is that they decrease osmotic potential by accumulation of inorganic solutes [12] and/or compatible solutes [7] in their cells.
Soybean (Glycine max (L.) Merr.) is an important dicot crop due to the high content of oil and protein in its seeds [4] . It is the first largest oil seed crop in India and has played a major role in the upliftment of socioeconomic status of Indian farmers. Indian soybean has to be globally competitive in present era of opening up of world trade and liberalized economy. Soybean production around the world was forecasted for 240 million tonnes in 2011-2012. During the same period, the area under soybean was 9.33 million hectares with a production of 10.5 million tonnes in India.
Soybean is classified as a salt-sensitive glycophytes [26] . However, soybean is subject to salinity stress that reduces its yield like many other crops. Therefore, the demand for developing salt-tolerant soybean cultivars is unavoidable. In soybean salinity, stress inhibits seed germination and seedling growth, reduces nodulation, and decreases biomass accumulation and seed yield [10, 24, 36, 38, 45] . Soybean-producing regions in India range from the lower Himalayan Hills and Northern Plain in the north to the Deccan plateau. The soybean varieties cultivated in these areas were developed through separate breeding programs. Identification of diverse genotypes is the prerequisite for improvement of any trait in the crop plants. DNA markers are being increasingly utilized in cultivar development; they provide a powerful tool for genetic evaluation and breeding of crops, especially for identification of cultivars and species [32] , tagging and marker-aided selection of agronomically important genes [18] , linkage map construction, and the mapping of quantitative traits loci [41] . Many molecular genetic markers have been used in detecting population genetic structure since 1966. Among them, random amplified polymorphic DNA (RAPD) is easy to use. Because it can yield information on a large number of loci, thereby providing a more representative sample of the genome than is possible with allozymes, RAPD has become an increasingly popular tool in genetic studies of natural plant populations [30] . Previously, RAPD markers have been used for evaluation of genetic diversity in soybean [6, 8, 27, 37] .
In the present study, concerted effort has been made firstly to study the physiological response of soybean genotypes under salt stress and secondly, identification of genetically diverse source of salt-insensitive genotypes using RAPD markers for their further utilization in breeding program for development of soybean cultivars.
Materials and Methods
Seeds of soybean genotypes (Pusa-20, Pusa-40, Pusa-37, Pusa-16, Pusa-24, Pusa-22, BRAGG, PK-416, PK-1042, and DS-9712) were obtained from the Indian Agricultural Research Institute, New Delhi, India. These genotypes were surface sterilized and sown in soilrite (Soilrite mix, Keltech Energies Limited, Bangalore). After 3 days of proper germination, the seedlings were transferred to Hoagland's solution [19] with the following composition of macro-and micronutrients (in millimolars), 2. 4 (as ferric sodium-EDTA complex) in hydroponic culture system. The growth chamber was maintained at a photosynthetic photon flux density of 430 μmolm −2 s −1 , 14 h of light, 10 h of dark, and a relative humidity of 60 %. The nutrient solution was bubbled with sterile air and changed on alternate days. Ten-dayold seedlings were given seven levels of salt in the form of NaCl viz., T1=0 mM NaCl, T2= 25 mM NaCl, T3=50 mM NaCl, T4=75 mM NaCl, T5=100 mM NaCl, T6=125 mM NaCl, and T7=150 mM NaCl. Growth performance, physiological parameters, and RAPD analysis were investigated after 15 days of salt treatment.
Determination of Fresh Weight, Dry Weight, and Length of Plant Fresh weights (FW) of shoots and roots were recorded on an electronic top pan balance (Model BL-210-S, Sartorius, Germany). For dry weight (DW) determination samples were oven dried at 65°C±2°C for 72 h and then weighed independently. FW and DW were expressed in grams per plant. Length of the plant was measured by using a metric scale and expressed in centimeters.
The Relative Water Content
The relative water content (RWC) was calculated using the formula [39] RWC (%)= ((FW−DW)/FW)×100, where FW is the fresh weight of plant at the time of harvest DW is the dry weight of the plant.
Leaf Water Potential
Leaf water potential was analyzed 1 day before plant sampling according to the procedure of Kokubun and Shimada [25] . A leaf disk (diameter of 4 mm) was enclosed in a sample chamber (C-52-SF, Wescor, Logan, UT) at around 10:00, and the chamber was kept at 25°C for 3 h. Then, leaf water potential was detected with a dew point microvoltmeter (HR-33T, Wescor).
Estimation of Proline Content
To determine free proline level, 0.5 g of leaf samples from each group were homogenized in 3 % (w/v) sulphosalycilic acid and then homogenate filtered through filter paper [5] . Mixture was heated at 100°C for 1 h in water bath after addition of acid ninhydrin and glacial acetic acid. Reaction was then stopped by ice bath. The mixture was extracted with toluene and the absorbance of fraction with toluene aspired from liquid phase was read at 520 nm. Proline concentration was determined using calibration curve and expressed as micromoles proline per gram FW.
Estimation of Sodium Ions
The plant samples (root, stem, and leaf) were taken separately in the digestion tubes with 10 ml of acid mixture (nitric acid and perchloric acid in the ratio of 9:4). The digestion was carried out in digestion unit at 100°C. The complete digestion of the plant material was indicated by the appearance of white dense fumes. After completion of digestion, the digested material was cooled. Thereafter, double distilled water was added to make the volume of digested solution to 50 mL. The solution was filtered to remove hydrated silica. The stock was used for analysis of Na + . The contents of sodium ions in the digested material were estimated photometrically using Flame photometer (Systronic 125). An aliquot of digested material was taken to determine the Na + . Standard curves were drawn by diluting the stock solution of NaCl with double distilled water to get different concentration of Na + (5, 10, 20, 30, 40, 50, 60, 70, 80, 90 , and 100 ppm). The content of each element in the plant tissue was determined using standard curve and expressed in micromoles per gram dw [22] .
DNA Extraction and RAPD Analysis
Plant DNA was extracted from 1gm of tissue using a modified CTAB protocol SaghaiMaroof et al. [35] . Arbitrary decamer primers from Operon Technologies Inc., Alamenda, CA were dissolved in sterilized 10× TE buffer (10 mM Tris-Cl, 1 mM EDTA, pH 8.0) to a concentration of 15 ng/μl. Twenty-four primers from Operon kits were used for RAPD amplification as described by Williams et al. [47] . Amplification was carried out in a 25-μl reaction volume containing 1× PCR assay buffer (50 mM KCl, 10 mM Tris-Cl, 1.5 mM MgCl 2 ), 200 μM of each dNTPs, 0.6 μM primer, 0.5 units Taq polymerase (Bangalore Genei Pvt. Ltd Bangalore, India), and 30 ng of DNA template (concentartions approximately 15 ng/μl). The amplification reaction was carried out in a controlled thermal cycler (MJ Research, Model PTC-200). The first cycle consisted of denaturation of template DNA at 94°C for 4 min. followed by primer annealing at 37°C for 1 min and primer extension at 72°C for 2 min. In the next 43 cycles, the period of denaturation was reduced to 1 min while the primer annealing and the primer extension time remained as in the first cycle. The last step was primer extension at 72°C for 8 min. PCR products were separated on a 1.5 % agarose gel containing ethidium bromide using 1× TAE buffer. The sizes of the amplified fragments were determined by using DNA size standards (1 kb DNA ladder, MBI Fermentas, Lithuania). DNA fragments were visualized and photographed using gel documentation system (Gene Genius, Bio Imaging System, Synaptic Group, UK). To test the reproducibility of the profiles, the reactions were repeated at least twice.
Statistical Analysis and Data Scoring
All analysis were carried out on the basis of a completely randomized design, subjected to one-way analysis of variance (ANOVA) and the mean differences were compared by lowest standard deviations test. Each data point was the mean of six replicates (n=6) and comparisons with P values of <0.05 were considered significantly different (Table 1) . In all the figures, the spread of values is shown as error bars representing standard errors (SE) of the means. The RAPD products were scored as present (1) or absent (0) for each primergenotype combination. The data entry was done into a binary data matrix as discrete variables. Pairwise similarity matrices were generated using Jaccard's coefficient of similarity [21] . This matrix was subjected to unweighted pair-group method for arithmetic average analysis (UPGMA) to generate a dendogram using average linkage procedure. All these computations were carried out using NTSYS-PC software [34] . Genetic distances were calculated by subtracting the similarity indices from 1 and multiplying the result by 100 as described by Ude et al. [44] . The polymorphism information content (PIC) was calculated for each marker as 1 À Pij 2 where P ij is the frequency of the jth allele of ith marker [46] .
Results and Discussion

Growth Parameters
The summary of the analysis of variance for the growth parameters (Tables 1 and 2 ) studied during the experiment showed that salinity stress had adverse effect on the morphology and biomass yield in soybean. Seedling growth is normally limited by increasing concentration of NaCl [40] . In our study, with increasing salinity levels, the plant shoot length, root length, FW, and DW were adversely affected. The growth of all the genotypes was reduced as a result of salt stress and it was most evident in Pusa-24, PK-416, and Pusa-20. The reduction in the plant length (shoot and root), FW/DW of pusa-24 was 23-67, 32-73, 22-36, and 20-85 %. PK-416 was 19-41, 12-31, 21-80, and 46-95 %, respectively, and that of Pusa-20 was 12-20, 11-19, 5-68, and 24-77 %, respectively. There was no significant effect of any NaCl treatment on the growth of Pusa-37. The growth of BRAGG and PK-1042 was only affected significantly at 150 mM NaCl treatment (T6) whereas Pusa-16, Pusa-22, Pusa-40, and DS-9712 were able to tolerate NaCl treatment up to the level of 75 mM (T3). This investigation showed that genotype Pusa-24, PK-416, and Pusa-20 appeared to be the most salt-sensitive genotypes as inferred from their significantly reduced length, FW, and DW in response to the NaCl exposure. Pusa-37 appeared to be the most tolerant genotype since no significant effect of NaCl treatment on growth was found. Similar to our findings, growth was less affected in salt-tolerant sugar beet and moderately salt-tolerant cotton [13] .
RWC and Water Potential
Plant cells decrease their osmotic potential by the accumulation of inorganic and organic solutes or by loss of water. In this experiment, the loss of turgor, indicated by a considerable decrease in RWC. The water relations data suggest that the salt-tolerant genotypes Pusa-37, BRAGG, and PK-1042 achieved osmotic adjustment by lowering the osmotic potential in response to the externally imposed stress at 100 mM NaCl (Table 3) . Maximum change in RWC (7-25 %) and water potential (16-37 %) was observed in genotype Pusa-24 followed by genotype PK-416 and Pusa-20 where the reduction was 6-23, 13-30, 7-22, and 13-25. Pusa-16, Pusa-22, Pusa-40, and DS-9712 were able to tolerate NaCl treatment up to the level of 75 mM (T3) and there after significant change in the RWC at 8-11, 5-9, 8-13, and 6-8 and 16-21, 13-25, 15-22, and 20-25 % were observed. Reduction in RWC was by salt treatment, which indicates a loss of turgor that resulted in limited water availability for cell extension process. Ahmad and Jhon [2] have also demonstrated that the increase in the NaCl The values are mean±SE based on six replicates (n=6). Within each column, values followed by same letters are not significantly different according to the LSD test at p=0.05 Table 3 Relative water content (RWC (%)) and water potential (Ψ-mpa) of soybean genotypes after 15 days of NaCl treatment concentration decreases the leaf RWC in pea. Thus, the growth inhibition in less tolerant plants could be related to the decrease of RWC provoked by the salt treatment.
Proline Accumulation
Proline was estimated after 15 days in control and NaCl-stressed soybean genotypes, and the results are presented in Fig. 1 . Significant increase in proline was observed at all levels of NaCl treatments in soybean except Pusa-24. Genotype PK-416 and Pusa-20 showed significant increase only at T1 (25 mM NaCl); whereas, proline accumulation in Pusa-16, Pusa-22, Pusa-40, and DS-9712 was highest at 75 mM NaCl. The highest degree of endogenous free proline accumulation with increased salt stress was observed in Pusa-37 (1.8-fold) followed by BRAGG and PK-1042. Changes in the proline content due to NaCl stress suggest that permeability of membranes might be affected as it was observed earlier [3] . In salt-tolerant plants, Beta vulgaris [14] , Arachis hypogaea [23] , and alfalfa [31] sharp increases in proline levels were reported under the effect of salinity. The main role of proline is probably to insulate plant cells against the ravages of salt by preserving the osmotic balance, by stabilizing the structure of key proteins, such as Rubisco and by protecting the macro-molecular structure and functions; in such a way, they help plants to adapt to salinity [1] .
Sodium Accumulation in Plant Parts
It is generally assumed that plants resistant to salinity have an ability to restrict or prevent the entry of Na + from roots to leaves. Comparison of the mineral contents is of interest with respect to physiology of salinity tolerance in glycophytes [13] . In our findings, all genotypes accumulated Na + more in leaves than in stems and roots. The salt sensitive genotypes Pusa-24, PK-416, and Pusa-20 in terms of plant growth found to have maximum Na + accumulation. In these genotypes, the increase in Na + accumulation was 52-22, 51-81, and 169-24 in roots, 24-14, 50-67, and 12-25 % in shoots, and 50-24, 52-23, and 94-64 % in leaves respectively over control. Whereas the percent increase in the Na + accumulation in Pusa-37, BRAGG, and PK-1042 was 0.8-5, 1-15, and 2-16 % in roots, 3-12, 4-17, and 5-19 % in shoots, and 33, 22, and 25 % in leaves at T6 respectively over control. In genotype Pusa-16, Pusa-22, Pusa-40, and DS-9712 maximum Na + accumulation in roots, shoots, and leaves Fig. 1 Proline content in soybean genotypes exposed to various levels of NaCl treatment (25- (Figs. 2, 3 , and 4). In this study, the salt-sensitive genotype Pusa-24 showed more pronounced Na + accumulation than in salt-tolerant genotype Pusa-37. The results are in accordance with those of other studies that have shown an inverse relationship between Na + accumulation and salt tolerance [50] .
RAPD Analysis
For the isolation of good-quality DNA, a CTAB-based procedure was optimized in the present study that yielded high-quality DNA free of phenols which may exhibit the activity of Taq polymerase. Several primers were tested on ten soybean genotypes obtained from Operon technologies (Table 4) . These primers generated a total of 1,650 amplification products, among which 1,615 were found to be polymorphic. Maximum (Table 4) numbers of 129 and 121 amplification products were obtained with primers G1 and OPA-02 followed by 115 products with primers OPA-14. The number of amplification products ranged from 59 to 129 from 20 arbitrary primers. The molecular weight of the generated band in the present study ranged from 110 to 4,200 bp (Table 4) . Minimum numbers of 59 RAPD products were generated with primers OPA-04. Thirty-five RAPD products were recorded as Root Na + content ( mol g -1 dw) (Table 5) . Similar results were also reported by earlier workers in soybean [8, 27, 37, 42] . The present study showed 98.17 % polymorphic amplification products, which were relatively higher than previous reports. Li and Nelson (2005) and Singh et al. [37] reported 56 and 53.9 % polymorphism in their study, respectively. Thompson et al. [42] observed a low level (36 %) of DNA variation among 35 soybean genotypes after analysis with RAPD primers. Conflicting reports on the extent of observed polymorphism in soybean in different studies could be attributed to the nature of the genetic material under investigation and sequences of the primers or probes. Leaves Na + Content ( mol g -1 dw) The RAPD based genetic distance clearly formed a very divergent group (Fig. 5 ) and genetic distances of these genotypes with others are presented in the (Table 6 ). In our experimental findings among the ten soybean genotypes, Pusa-37 was found to be the most salt tolerant showing the similarity coefficient of 58.6 followed by BRAGG (similarity coefficient=58.4). Genotypes, such as Pusa-16, Pusa-22, Pusa-40, and DS-9712 were found to be moderately salt tolerant with the similarity coefficient as 56.2; whereas, salt-sensitive genotypes Pusa-24 and PK-416 showed the similarity coefficient as 48.3.
The difference in salt tolerance between the genotypes could be related to the difference in the similarity indices. The more genetically similar genotypes are, the less different in salt tolerance they are. For instant, genotype Pusa-37 was significantly more tolerant to salt stress than BRAGG and PK-1042, the similarity indices of Pusa-16, Pusa-22, Pusa-40, and DS-9712 were less than that of Pusa-37, BRAGG, and PK-1042 were found to be moderately salt tolerant. On the other hand, salt-sensitive genotypes Pusa-24 and PK-416 showed the same similarity coefficient. Thus, polymorphism of RAPD bands enables to determine the RAPD-specific markers, respectively. However, further experimentation needed to be done to determine the linkage between these RAPD markers and the gene(s) responsible for salt tolerance in these soybean genotypes. As they are very divergent, it may be possible that many markers can be mapped into the soybean genome to locate corresponding chromosomal regions, where the saltsensitive and salt-insensitive genes are situated. 
Conclusions
Since salinization of soil is an important worldwide problem, identification of salt-tolerant plants and their underlying mechanism for salt tolerance is an important phenomenon in distinguishing plant salinity relation. The physiological and molecular study showed that there is variability in salt tolerance behavior in soybean genotypes. Pusa-24 is the saltsensitive and Pusa-37 is the salt-tolerant genotype. Salt-tolerant genotype might be helpful for plant breeders and genetic engineers for the development of salt-tolerant crop plants. Moreover, our data suggest that RAPD markers are suitable to assess genetic diversity between different local populations and to examine genetic relationships. Therefore, the present study may aid breeders interested in selecting genetically diverse source for salt tolerance and sensitiveness for broadening the genetic base as well as for development of mapping population of soybean genotypes.
